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Abstract

Here we investigated the genetic relatedness of emerging Salmonella 
serotypes of human origin circulating in northwest Italy and created a regional 
database to facilitate foodborne outbreak investigations and to monitor 
outbreaks at an earlier stage. A total of 112 strains of S. Derby (n=34), S. Infantis 
(n=38), and S. Napoli (n=40) analysed in hospital laboratories between 2016 
and 2018 were characterized by Pulsed-Field Gel Electrophoresis (PFGE). 
Cluster analysis indicated high genetic similarity (≥83%) among the three 
circulating strains of S. Derby (88%), S. Infantis (95%), and S. Napoli (95%). 
Most of the isolates possessed the same or similar fingerprinting in each cluster, 
suggesting that foods of animal origin are a source of human infection. PFGE 
proved a powerful and discriminatory tool for revealing genetic relationships 
among the emerging serotypes and for monitoring and preventing the spread 
of Salmonella. 
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Background
The annual report of the European Food Safety Authority (EFSA) 

and European Centre for Disease Prevention and Control (ECDC) 
ranks Salmonella infection due to Salmonella enterica as the second 
most common foodborne pathogen in humans in the European 
Union [1]. Salmonella enterica is present in nature with more than 
2600 different serotypes. Although all Salmonella serotypes are 
potentially pathogenic to humans and animals, few cause infection 
[2]. Salmonella can infect the intestines of animals and humans 
where it causes salmonellosis. Salmonellosis in humans is generally 
contracted through the consumption of contaminated water and 
foods of animal origin (e.g., poultry, fish, eggs, beef, dairy products) 
and raw or slightly cooked fruit and vegetables [3]. Transmission of S. 
enterica to humans and animals can also occur through contact with 
surfaces, tools, and food handled by infected people.

There are six subspecies of S. enterica: S. enterica subsp. enterica, 
S. enterica subsp. salamae, S. enterica subsp. arizonae, S. enterica 
subsp. diarizonae, S. enterica subsp. houtenae, and S. enterica subsp. 
indica) [2]. The serovars most frequently associated with human 
illness are: S. enterica serotype Enteritidis, Typhimurium and its 
monophasic variant (4, [5], 12: i:-), which are becoming a major 
public health problem [4]. A retrospective study by the Regional 
Center for Salmonella typing (Centro di Riferimento Regionale per 
la tipizzazione delle Salmonelle - CeRTiS) reported that the most 
frequent serovars of 450 Salmonella isolates of human origin in 2018 
were: S. 4, [5], 12: i:- (48%), S. Enteritidis (18%), S. Typhimurium 
(8%), S. Derby (5%), S. Napoli (3%), and S. Infantis (2%). 
Salmonellosis caused by S. Derby, S. Infantis, and S. Napoli infection 
in humans have been reported in Piedmont, with an increase (at least 
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of 30%) in the prevalence of these three emerging serotypes between 
2015 and 2018 (CeRTiS data not published). The CeRTiS assembled 
a large collection of S. enterica strains of these emerging serotypes 
isolated from biological samples of patients hospitalized in healthcare 
facilities in Piedmont (northwest Italy). 

Several molecular typing methods to investigate the molecular 
epidemiology of bacterial pathogens [5] have proved effective in 
determining clonal and strain distribution in various environments 
and sources. Pulsed-Field Gel Electrophoresis (PFGE) is the most 
widely used molecular method to investigate widespread outbreaks 
of bacterial foodborne illness. It provides one of the most suitable 
approaches to characterize strains, particularly by laboratories where 
Next-Generation Sequencing (NGS) techniques are not available. By 
virtue of its specificity, PFGE can be employed to detect outbreaks 
and control them at an earlier stage, as well as enhance the detection 
of geographically dispersed outbreaks [6]. Owing to the stability 
of generated profiles and the method’s discriminatory power and 
reproducibility, PFGE is the gold standard for genotyping Salmonella. 
PFGE detects genomic differences between isolates by digesting the 
whole DNA using restriction enzymes to yield strain-specific fragment 
patterns. It is these differences accumulated by genetic variation 
that cause slight, detectable differences between DNA fingerprint 
patterns [7]. With this study we wanted to characterize emerging S. 
enterica subsp. enterica serovars, S. Derby, S. Infantis, and S. Napoli 
of human origin by PFGE and evaluate genetic correlations between 
the strains circulating in northwest Italy. Also, we wanted to create 
a regional database that could aid in facilitating foodborne outbreak 
investigations and monitor them at an earlier stage.
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Materials and Methods
Salmonella strains

A total of 112 Salmonella strains obtained from the faeces of 112 
patients (mean age 50 years, range 1-89) were isolated in hospital 
laboratories in Piedmont between 2016 and 2018. The isolates, 
delivered refrigerated to the CeRTiS on sheep blood agar plates and 
tryptic soy agar plates, were analyzed by Mass Spectrometry MALDI-
TOF (VITEK® MS Biomerieux) [8], in order to confirm their species. 
The method is based on the analysis of positive ions derived from 
ribosomal proteins and the spectrum of the tested strain is compared 
with a library of reference spectra, in order to be identified. Strains 
were then serotyped according to ISO 6579-3 with the Kaufmann-
White [9,10] scheme, using O and H antisera (Statens Serum 
Institut). The identification of serotypes is based on O (somatic/cell 
wall) antigens that consist of the lipopolysaccharide-protein chains 
exposed on the cell surface and H (flagellar) antigens. The different 
antigens are identified by numbers and letters: each serotype is given 
an antigenic formula and classified into a group.

PFGE analysis
Characterization was performed by PFGE analysis of emerging 

Salmonella strains isolated according to a standardized PulseNet 
protocol [11]. Briefly, equal volumes of 1% agarose (SeaKem Gold 
Agarose, Lonza) were mixed with 100μL cell standardized suspension 
to form plugs. The bacteria within the plugs were lysed with cell lysis 
buffer and incubated at 55°C for 2h. The plugs were washed with 
sterile deionised water and TE buffer. Plug slices (1.5mm thick) were 
then digested with 10 units of restriction enzyme XbaI (Thermo 
Scientific) at 37°C for 2h and loaded onto a 1% agarose gel (SeaKem 
Gold Agarose). PFGE was performed on a CHEF Mapper system 
(Bio-Rad) under the following conditions: initial switch time 6s-final 
switch time 24s, gradient 6V/cm, included angle 120, running time 
20h at 14°C. The agarose gel was then stained with GelRed (Biotium) 
and photographed under ultraviolet transillumination (Gel-Doc Bio-
Rad). XbaI restricted-Salmonella Braenderup, strain H9812 was used 
as the DNA size marker and positive control. The PFGE patterns 
obtained from the 112 strains were compared using Bionumerics 
version 7.6 software (Applied Maths) with the Dice coefficient [12] 
with 2% band tolerance and 2% optimization and the unweighted 
pair group method with arithmetic averages (UPGMA) [13].  PFGE 
types were assigned using an ad hoc created regional nomenclature. 
PFGE profiles with a coefficient of similarity ≥83% were considered 
genetically related, while Salmonella strains sharing 100% similarity 
were considered identical and were assigned to the same PFGE type.

Results
A total of 112 Salmonella human strains were identified as S. 

Derby (n=34), S. Infantis (n=38), and S. Napoli (n=40). PFGE analysis 
with XBaI restriction enzyme was performed to determine the 
genetic relatedness of  emerging S. enterica subsp. enterica serovars, 
S. Derby, S. Infantis, and S. Napoli of human origin and to evaluate 
genetic correlations between the strains circulating in Piedmont. All 
isolates had appreciable restricted digestion patterns ranging from 
approximately 40 to 1100 kb (Figure1). Analysis of the dendrogram 
highlighted a similarity coefficient of 66% for the 34 S. enterica subsp. 
enterica serovar Derby strains (Figure 2). A total of 21 PFGE types 
were identified, the most frequent of which were 0.002 (17.6%), 0.001 

(14.7%), 0.016 (8.8%), 0.013 (5.9%), and 0.021 (5.9%). All remaining 
PFGE types were a single strain. The strains with genetic homologies 
≥83% were grouped into three clusters (A, B, C). Cluster A consisted 
of ten strains that shared four different PFGE profiles, eight of which 
with 100% genetic similarity (five strains with PFGE profile 0.002 and 
two strains with PFGE profile 0.013). Cluster B consisted of seven 
strains, three of which with 100% pattern homology (PFGE type 
0.016); cluster C included 13 strains, five of which had an identical 
profile (PFGE type 0.001). The strains in clusters A and C were 
isolated from samples taken in nearly all eight provinces of the region, 
whereas cluster B strains were isolated from samples taken in four 
provinces (Figure 2). The distribution of the three clusters over time 
was mapped by year of isolation: cluster A strains were isolated in 

Figure 1: PFGE banding patterns of representative emerging S. enterica 
strains, showing distinct polymorphic bands ranging from 40 to 1100 bp 
(lanes 2-8, 10-14) and S. Branderup used as the standard ladder (lanes 1, 
9, 15).

Figure 2: Dendrogram of 34 pulsed-field gel electrophoresis-based profiles of 
Salmonella enterica serovar Derby strains isolated from humans in Piedmont 
between 2016 and 2017.
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2016 (60%) and 2017 (40%); cluster B strains in 2016 (100%), cluster 
C strains in 2017 (100%) (Figure 2). 

Analysis of the dendrogram showed a coefficient of similarity of 
78% between isolates of 38 S. enterica subsp. enterica serovar Infantis 
(Figure 3). A total of 21 PFGE types were identified, the most frequent 
of which were: 0.012 (13.2%), 0.018 (13.2%), 0.006 (7.9%), 0.009 
(7.9%), 0.021 (7.9%), 0.002 (5.3%), 0.005 (5.3%), and 0.007 (5.3%). 
All the remaining PFGE types were a single strain. We set the cut-
off at 83% similarity and identified two main clusters: cluster A (86% 
similarity) and cluster B (92% similarity), which accounted for 55.3% 
and 39.5%, respectively, of the isolates. Cluster A included 21 strains, 
for a total of 13 PFGE types: PFGE type 0.012 was observed in five 
strains, PFGE type 0.009 in three strains, PFGE types 0.007 and 0.002 
in two strains. Cluster B included 15 strains, for a total of six PFGE 
types: PFGE type 0.018 in six strains, PFGE type 0.006 and 0.021 in 
three strains, and PFGE type 0.005 in two strains. Cluster A consisted 
predominantly of strains isolated from samples from one province 
(Turin) (43%). Cluster B included strains isolated predominantly 
from two provinces (Cuneo, 66.7%, and Turin, 26.7%) (Figure 3). 
The cluster A and the cluster B strains were isolated in all three years: 
42.9% of the cluster A strains were isolated in 2018, 33.3% in 2016, 
and 23.8% in 2017. Cluster B strains were isolated predominantly in 
2017 (66.7%) and 2016 (26.7%) (Figure 3).

There were 33 different PFGE patterns that had 73.5% homology 

among the 40 S. enterica subsp. enterica serovar Napoli, (Figure 
4). The dendrogram showed the presence of three main clusters 
consisting of 38 strains that shared 83% genetic homology: cluster 
A (85% similarity), cluster B (89.5 % similarity), and cluster C (83% 
similarity). Cluster A included 24 strains (60%) with a total of 18 
PFGE types: four strains with PFGE profile 0.027 showed 100% 
genetic similarity, as did the six strains with PFGE type 0.025 (n=2), 
0.022 (n=2), and 0.019 (n=2). Cluster B included three strains with 
two PFGE types: two strains appeared genetically identical (PFGE 
type 0.013) and 89.5% similar to the strain with a PFGE profile 
0.014. Finally, cluster C included 11 genetically highly related strains, 
each with a different PFGE type. Cluster A included strains from 
all eight provinces of Piedmont, especially from Novara (46%). 
Cluster B included strains isolated from two provinces (Alessandria 
and Novara), while cluster C included strains from four provinces 
(Alessandria, Cuneo, Novara, Vercelli) (Figure 4). Cluster A strains 
were isolated in 2016 and clusters B and C in 2017 (Figure 4).

Discussion
As found for the rest of Europe S. Infantis accounted for 2.5% 

of all Salmonella serotypes [1], while S. Napoli and S. Derby, which 
are not included among the EU target serovars, are among the most 
frequent serovars isolated from humans in Italy [14]. Based on the 
distribution of serovars collected by the ENTER-NET network 
from humans in Italy, the most common serovars detected between 
2016 and 2018 were: S. 4, [5],12:i:- (35.0%), S. Enteritidis (14.7%), 

Figure 3: Dendrogram of 38 pulsed-field gel electrophoresis-based profiles 
of Salmonella enterica serovar Infantis strains isolated from humans in 
Piedmont between 2016 and 2018.

Figure 4: Dendrogram of 40 pulsed-field gel electrophoresis-based profiles of 
Salmonella enterica serovar Napoli strains isolated from humans in Piedmont 
between 2016 and 2018.
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S. Typhimurium (10.2%), S. Napoli (4.9%), S. Derby (3.0%), and 
S. Infantis (2.7%) [14]. The CeRTiS reported an increase in the 
prevalence of S. Derby, S. Infantis, and S. Napoli isolated from human 
samples in Piedmont since 2015. Prevention, control, and monitoring 
programs to reduce the presence of Salmonella strains in the food 
production chain, coupled with better knowledge of the regional 
features of circulating Salmonella serotypes and contamination 
sources, can help to inform food safety intervention priorities 
and implement appropriate control measures [15]. Furthermore, 
molecular typing is a useful infection control tool for establishing 
the clonal relationship between strains of the same serotype in 
epidemiological investigations of S. enterica. While sophisticated 
analytical techniques such as Whole Genome Sequencing (WGS) 
can be used in studying the epidemiology of salmonellosis, PFGE is 
the gold standard recognized by PulseNet International [16]. PFGE 
has been successfully employed for molecular typing of Salmonella 
serotypes isolated from different sources worldwide. Recent studies 
in Italy showed high similarity among S. infantis, S. Derby, and S. 
Napoli strains isolated from different sources characterized by PFGE 
[17-19]. With this study we wanted to characterise by PFGE human 
isolates of S. enterica subsp. enterica of three emerging serotypes 
(S. Derby, S. Infantis, S. Napoli) in Piedmont and to evaluate the 
genetic correlations between strains circulating in the area. For each 
serotype, only bacterial strains with a correlation coefficient ≥83% 
were considered to be genetically closely related. Our study results 
are shared by epidemiological evidence that supports the clonal 
distribution of these emerging Salmonella serotypes. Analysis of 
restriction profiles of the 34 S. Derby strains identified a total of 20 
pulsotypes, grouped in three main clusters with a similarity of 78%. 
The broad genetic similarity observed in this serotype is in line with 
the literature and shared by a previous study that demonstrated the 
relationship between porcine and human cases of salmonellosis caused 
by S. Derby [17]. A total of 19 pulsotypes identified by PFGE for the 
38 strains of S. Infantis in the two main clusters showed similarities 
of 84.5%. Our data are consistent with previous studies reporting that 
S. Infantis isolated from humans, animals, and the environment had 
a homology >90% [18]. Wide genetic similarity was also shown by 
examination of the dendrogram obtained by analysis of the 40 strains 
of S. Napoli: the 33 pulsotypes were grouped into three main clusters 
(similarity coefficient of 73.5%). Overlapping data were reported 
in an Italian study on numerous strains of this serotype isolated in 
Italy between 2011 and 2015. Human and environmental strains of 
S. Napoli belonging mainly to cluster A in northern Italy and cluster 
B in central Italy suggest direct infection [19]. The geographical 
distribution of the clusters was mapped for each serotype, taking 
into account the geographical province where the bacterial strain was 
isolated. In general, we observed a fairly heterogeneous distribution 
of pulsotypes across the provinces.

The clusters were then compared for year of strain isolation. 
We noted that all cluster C S. Derby strains were isolated in 2016, 
while the cluster B strains were isolated in 2017. Similar observations 
were made for S. Napoli; the cluster B and C strains were isolated 
prevalently in 2016 and the cluster A strains in 2017. These data 
suggest a possible correlation between year of isolation of the S. 
Derby and S. Napoli strains in Piedmont and their cluster formation. 
PFGE proved a powerful discriminatory tool for revealing genetic 
relationships among emerging Salmonella serotypes other than 

for monitoring the incidence and dissemination of S. Derby, S. 
Infantis, and S. Napoli throughout the region. As the spread of these 
Salmonella clones has been observed in Piedmont over the last three 
years, we will continue to characterize emerging Salmonella serotype 
isolates from humans and animals. The uncontrolled spread of these 
emerging Salmonella clones in the environment and via associated 
foodborne illnesses poses a serious public health concern in the areas 
where they circulate.

Conclusions
The present study revealed the high similarity shared by three 

emerging Salmonella strains (S. Derby, S. Napoli, S. Infantis) isolated 
from humans in northwest Italy. The study data were used to create 
a database for identifying outbreaks at an early stage. Two or three 
similar or identical PFGE profiles (coefficient of similarity ≥83%) 
were found for each Salmonella serotype in several areas of the 
region, highlighting the presence of genetically related Salmonella 
strains. The data obtained by PFGE strongly suggest that closely 
related clones are circulating and that foods of animal origin (e.g., 
poultry meat, eggs, pork) are the probable source of human infection. 
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